DNA-Nanoscaffold-Assisted Selection of Femtomolar Bivalent Human α-Thrombin Aptamers with Potent Anticoagulant Activity.
Multivalent aptamers that interact with their target proteins through multiple sites exhibit much stronger binding strengths than their monovalent counterparts. In this work, we have designed a single-stranded DNA (ssDNA) library (1015 molecules, each 145 nt) based on a predefined DNA nanostructure designed to present two random-loop sites for bivalent aptamer evolution. From this library, a group of ultra-strong bivalent aptamers against human α-thrombin (with apparent KD values of ≈340 fm) were easily identified through a simple seven-round conventional systematic evolution of ligands by exponential enrichment (SELEX) procedure. The dominant bivalent aptamers consist of two components, one binding to exosite I and the other to exosite II. The best of these bivalent aptamers show strong allosteric attenuation of the thrombin cleavage activity and also display an extremely potent anticoagulation effect in human plasma, demonstrating their great potential in therapeutic applications. The method developed here can easily be adapted to conventional SELEX techniques, opening a new route for fast selection of multivalent aptamers with superior binding affinity for other targets.